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(54) Pre-injection and main injection I.e. engine fuel injector 

(57) The valve head 27 lifts from the valve seat 31 on the hollow needle 21 and comes into sealing contact with a valve seat 
18 in the nozzle body 1 1 to shut off the injection holes 16, pre-injection fuel then flowing via a chamber 19 through injection 
holes 16. The hollow needle 21 lifts from its valve seat 17, the valve needle 26 being lifted from the seat 18 thereby, so that 
fuel passes to injection holes 15 and 16 to provide the main injection. Respective injection pumps (48, 43, Fig. 1) provide 
the pre-injection and main fuel. 
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Fuel injection nozzle for pre-iniection and main 
injection 

State of the art 

The invention is based on a fuel injection nozzle 
of the generic type of Claim 1. 

In such an injection nozzle , known for example 
from the Deutsche Of f enlegungsschrif t 18 08 650 
(Figure 4), the hollow needle interacting with the 
first valve seat serves to control the pre-injection 
and the central valve needle with the closing head, 
which interacts with the valve seat on the hollow 
needle and lifts in the fuel flow direction, serves to 
control the main injection. The pre-injection takes 
place through injection holes in a mouthpiece at the 
combustion-space end of the nozzle body, the end sec- 
tion of the hollow needle downstream of its conical 
valve seat surface interacting with the first valve 
seat being guided in the said mouthpiece. The valve 
seat for the closing head opening towards the outside 
is also arranged in this end section so that the spray 
directions of the pre-injection jets and that of the 
main injection screening jet diverge strongly. 

Advantages of the invention 

The fuel injection nozzle according to the inven- 
tion with the characterising features of Claim 1 has 
the advantage that due to the control of the main 
injection by means of the hollow needle, which accommo- 
dates the central valve needle for the pre-injection, 
fuel is injected simultaneously through the cross- 
section for pre-injection and through the cross-section 
for main injection into the compression space when the 



hollow needle is raised from its valve seat, so that 
intensive fuel distribution and preparation is achieved 
in the compressed air in the combustion space. 

Advantageous further developments and improvements 
to the fuel injection nozzle given in the main claim 
are possible by means of the measures listed in the 
sub-claims. 

Drawing 

An embodiment example of the invention is shown in 
the drawing and is explained in more detail below. 
Figure 1 shows , in longitudinal section, the part of a 
fuel injection nozzle which is at the combustion space 
end and Figure 2 shows, at an enlarged scale, a detail 
A of the fuel injection nozzle of Figure 1. 

Description of the embodiment example 

A nozzle body 11 , which is fastened by a clamping 
nut 12 to a nozzle holder 13, has - in a tip 14 at the 
combustion space end - injection holes 15, 16 for pre- 
injection and main injection in two axially offset cir- 
cles of holes directed into the combustion space of an 
internal combustion engine. A conical valve seat 17, 
18 is respectively arranged in the nozzle body 11 
upstream of each of these planes with the injection 
holes 15, 16 and these conical valve seats are 
separated from one another by an annular groove 19. 
The injection holes 15 for the pre-injection emerge 
from this annular groove 19 and the injection holes 16 
emerge further downstream from a pocket hole 20 in the 
tip 14. Two coaxial valve needles, of which one is 
configured as a hollow needle 21 with a conical seating 
surface interacting with the valve seat 17, are dis- 
placeably arranged in the nozzle body 11. The other 
valve needle 26, which is guided coaxially so that it 
can slide in the hollow needle 21 by means of an inlet- 
end guide section 23 and bounds the supply passage 25 
by means of a subsequent section 24 relieved in 
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diameter, carries a closing head 27 at its combustion 
space end. This closing head 27 has a conical seating 
surface 28 interacting with the valve seat 18 in the 
nozzle body 11 and a conical seating surface 29 facing 
away from the seating surface 28 and facing towards the 
shaft, which seating surface 29 interacts with a radi- 
ally inner valve seat 31 at the combustion space end of 
the hollow needle 21 , which valve seat 31 is arranged 
at approximately the same height as the seating surface 
22 arranged radially outwards. 

The inlet-end guide section 33 of the hollow 
needle 21 is supported so that it can slide in the 
upper part of the nozzle body 11 and is relieved in 
diameter, forming an annular gap 36, by means of a 
pressure shoulder 34 in the region of a pressure cham- 
ber 35 in the nozzle body 11. The pressure chamber 35 
is connected to an injection pump 43 for main injection 
via a supply conduit 42 and an inlet passage 41 in the 
nozzle body 11 and in the nozzle holder 13. The supply 
passage 25 between the section of the hollow needle 21 
at the combustion space end and the valve needle 26 is 
connected to an injection pump 48 for pre-in jection by 
means of a supply conduit 47, radial penetrations 45 in 
the hollow needle 21 and an inlet passage 46 in the 
nozzle body 11 and in the nozzle holder 13. 

By means of a pressure piece 52, a closing spring 
51 in the nozzle holder 13 presses the seating surface 
22 of the hollow needle 21, whose guide section 33 can 
be displaced in the guide hole 32 in the nozzle body 
11, against the valve seat 17 in the nozzle body 11. A 
second closing spring 53, which is arranged in pocket 
holes 54, 55 aligned with one another in the hollow 
needle 21 and in the pressure piece 52 and which is 
supported on the bottom of the pocket hole 54 in the 
hollow needle 21, pulls on a head 56 at the inlet end 
of the valve needle 26 engaging the closing head 27 of 
the valve needle 26 against the inner valve seat 31 on 
the hollow needle 21. 



The. fuel injection nozzle described above operates 
as follows: 

In the case of unpressurised inner passages 41 and 
46 , the closing spring 51 presses the seating surface 
22 of the hollow needle 21 onto the valve seat 17 in 
the nozzle body 11 and the closing spring 53 pulls the 
seating surface 29 of the closing head 27 of the valve 
needle 26 against the valve seat 31 on the hollow 
needle 21 so that the connections to the injection 
holes 15/ 16 are interrupted and the seating surface 28 
on the combustion space end of the closing head 27 is 
raised from the valve seat 18 in the nozzle body 11. 

In order to introduce and carry out the pre- 
injection, the injection pump 48 delivers a small 
quantity of fuel through the inner passage 46 and the 
penetrations 45 into the supply passage 55 [sic] so 
that the pressure acting on the closing head 27 dis- 
places the valve needle 26 against the force of the 
closing spring 53 , the seating surface 29 on the inlet 
end being lifted from the valve seat 31 on the hollow 
needle 21 and, after a relatively small stroke , the 
seating surface 28 at the combustion space end comes in 
contact with the valve seat 18 in the nozzle body 11. 
Fuel flowing through the valve gap between the valve 
seat 31 and the seating surface 29 and through the 
annular groove 19 penetrates through the narrow injec- 
tion holes 15/ which emerge from the annular groove 19, 
and is sprayed as jets into the combustion space. With 
decreasing pressure / the closing head 27 closes the 
connection to the pump 48 again; the pre-injection is 
ended. 

Subsequently or after a certain pause, when the 
ignition in the combustion space sets in f the main 
injection pump 43 delivers fuel through the inlet pass- 
age 41 to the pressure space 35. The increasing press- 
ure lifts the seating surface 22 of - the hollow needle 
21 from the valve seat 17 in the nozzle body 11/ the 
valve needle 26 sealing the supply passage 25 by means 
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of its closing head 27 being taken along with it* Fuel 
flowing through the valve gaps between the valve seat 
17 and the seating surface 22 of the hollow needle 21 
and between the valve seat 18 and the seating surface 
28 on the closing head 27 is sprayed into the combus- 
tion space through the injection holes 15 and 16 
located both downstream of the valve seat 17 and down- 
stream of the valve seat 18 with further distribution 
into the compressed air, which has been prepared in the 
best possible manner for ignition ♦ 

It should, in particular, also be noted that the 
valve with the valve seat 18 in the nozzle body 11 and 
the seating surface 28 on the closing head 27, which 
shuts off the connection to the main injection holes 16 
located further downstream in the case of pre- 
injection, can also be configured as a flat seat valve* 
Furthermore, the injection cross-section formed by the 
main injection holes 16 can also be formed by an annu- 
lar gap between a throttle pintle on the closing head 
27 and a mouthpiece, surrounding the latter, on the 
nozzle body. 



Claims 

1. Fuel injection nozzle for the pre-injection and 
main injection in an air-compressing internal 
combustion engine , having a nozzle body with a first 
and a second valve seat, having a valve needle 
displaceably supported in a guide hole and configured 
as a hollow needle which , during the opening stroke , 
lifts from the first valve seat against the force of a 
first closing spring and against the fuel supply 
direction, and having a valve needle displaceable with 
radial clearance in the hollow needle as a supply 
passage and loaded by a second valve spring supported 
on the hollow needle, this latter valve needle having a 
closing head which, during the opening stroke of the 
valve needle, lifts from a third valve seat on the 
combustion space end of the hollow needle against the 
force of the second closing spring and in the fuel flow 
direction, characterised in that an annular groove (19) 
and, on it, a third valve seat (18) in the nozzle body 
(11) follow on in the fuel flow direction downstream of 
the first valve seat (17), in that injection holes (15) 
for the pre-injection emerge from the annular groove 
(19), and in that the closing head (27) is in contact 
in a second position on the third valve seat (18) in 
the case of pressure build-up in the fuel supply 
passage (25) so that the injection holes (15) for the 
pre-injection are connected via the annular groove (19) 
to the fuel supply passage (25). 

2. Fuel injection nozzle according to Claim 1, 
characterised in that the second valve seat (31), on 
the hollow needle (21), interacting with the closing 
head (27) of the valve needle (26) is arranged radially 
inwards approximately at the same height as the 



radially outer seating surface (22) of the hollow 
needle (26) interacting with the first valve seat (17) 
in the nozzle body (11). 

3. Fuel injection nozzle according to Claim 1 or 
2, characterised in that the injection cross-section 
located downstream of the annular groove (19) and of 
the valve seat (18), in the nozzle body (11)/ following 
on downstream of the annular groove (19) is configured 
as injection holes (16) in a tip (14) on the nozzle 
body (11) . 

4. A fuel injection nozzle substantially as herein 
described with reference to the accompanying drawing. 
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